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SPECIFICATION 

1 . [ Title of the Invention ] 

Magnesium Hydroxide-based Flame Retardant, and Method for Manufacturing Same 

2. [ Claims ] 

(1 ) A method for manufacturing a magnesium hydroxide-based flame 
retardant, characterized by the fact that naturally produced brucite is 
subjected to wet grinding such that the median diameter by Colter counter 
method is 2 to 6 |i.m, and this groimd product is surface treated with an 
ammonium salt or amine salt of a fatty acid and then dried. 

(2) A manufacturing method as defined in Claim 1, wherein the naturally 
produced brucite has a lattice distortion coefficient of 1 x 10'3 or less and a 
purity of 80 to 96%. 

(3) A manufacturing method as defined in Claim 1, wherein the 
ammonium salt or amine salt of a fatty acid is used in an amount of 1.5 to 6.0 
wt% as fatty acid with respect to the brucite. 

(4) A magnesium hydroxide-based flame retardant with superior 
efflorescence resistance, characterized by being composed of magnesium 
hydroxide particles having a developed brucite-type crystal structure and 
having a median diameter of 2 to 6 |im and a lattice distortion coefficient of 1 
X 10"3 or less, and a fatty acid layer that covers the surface of said particles 
and at least part of which forms a magnesium salt, and by the fact that the 
degree of orientation (Dq) defined by the formula 

Do = l00l/Il01 

(where Iqoi is the X-ray diffraction peak intensity of the index of 
plane [001] of the sample, and I^oi is the X-ray diffraction peak intensity of 
the index of plane [101] of the sample) 

is at least 2. 
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(5) A flame retardant resin composition comprising the blending of a 

magnesium hydroxide-based flame retardant as defined in Claim 4 with an 
olefin resin. 

3. [ Detailed Description of the Invention ] 

[ Field of Industrial Utilization ] 

The present invention relates to a magnesium hydroxide-based flame retardant with 
excellent efflorescence resistance, and to a method for manufacturing the same. The present 
invention also relates to a flame retardant olefin resin composition containing this flame 
retardant. 

[ Prior Art ] 

It has long been known that magnesium hydroxide is an excellent flame retardant for 
olefin resins and the like, and a common practice is to blend a relatively large quantity of 
magnesium hydroxide into an olefin resin, along with a metal soap if needed. 

Known methods for manufacturing the magnesium hydroxide used in these flame 
retardants and the like include a method in which a caustic alkali or slaked lime emulsion is 
added to and allowed to react in seawater or brine, and the product is washed and dried; a 
method in which a small amount of sodium hydroxide is added to magnesium hydroxide and 
subjected to a pressurization and heating treatment in an autoclave (Japanese Patent 
Publication 50-23680); a method in which a basic magnesium salt is subjected to a 
pressurization and heating treatment in an aqueous medium (Japanese Laid-Open Patent 
Application 52-1 15799); and a method in which a water-soluble magnesium salt and 
ammonia are allowed to react to manufacture a magnesium hydroxide salt (eg, Japanese Laid- 
Open Patent AppHcations 61-168522 and 62-123014). 

[ Problems Which the Invention is Intended to Solve ] 

Advantages had by the above-mentioned magnesium hydroxide used in conventional 
flame retardants were that it had a relatively uniform particle shape, such as hexagonal plates, 
had a relatively homogeneous and small particle diameter, and could be packed in a relatively 
large quantity with respect to the olefin resin or the like, but resin compositions containing 
these substances also had a number of drawbacks that remained to be solved. 

One of these is that when a molded resin containing a large amount of a magnesium 
hydroxide-based flame retardant is left for an extended period in the atmosphere, it undergoes 
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a phenomenon called efflorescence, in which a white powdery oxide film is produced on the 
surface of the molded article. Analysis of this powder reveals it to be magnesium carbonate, 
so this efflorescence is recognized as being caused by a reaction between the magnesium 
hydroxide contained in the molded article and the carbon dioxide in the air. 

Another problem is that with an olefin resin composition containing a known 
magnesium hydroxide-based flame retardant, and particularly one in which said flame 
retardant is blended into a resin with a relatively large elastic modulus, there is a considerable 
decrease in the mechanical properties, such as elongation at break. 

Therefore, an object of the present invention is to solve the above-mentioned 
problems encountered with conventional magnesium hydroxide-based flame retardants, and 
to provide a magnesium hydroxide-based flame retardant with superior efflorescence 
resistance and elongation and other such mechanical properties, and a method for 
manufacturing the same. 

Another object of the present invention is to provide a magnesium hydroxide-based 
flame retardant that is relatively low in cost and is easy to manufacture, and a method for 
manufacturing the same. 

[ Means Used to Solve the Above-Mentioned Problems \ 

The present invention provides a method for manufacturing a magnesium hydroxide- 
based flame retardant, characterized by the fact that naturally produced brucite is subjected to 
wet grinding such that the median diameter by Colter counter method is 2 to 6 |im, and this 
ground product is surface treated with an ammonium salt or amine salt of a fatty acid and 
then dried. 

The present invention also provides a magnesium hydroxide-based flame retardant 
with superior efflorescence resistance, characterized by being composed of magnesium 
hydroxide particles having a developed brucite-type crystal structure and having a median 
diameter of 2 to 6 iim and a lattice distortion coefficient of 1 x 10"^ or less, and a fatty acid 
layer that covers the surface of said particles and at least part of which forms a magnesium 
salt, and by the fact that the degree of orientation (Dq) defined by the formula 

Do = l00l/Il01 

(where Iqoi is the X-ray diffi-action peak intensity of the index of plane [001] of the 
sample, and I^qI is the X-ray diffraction peak intensity of the index of plane [101] of the 
sample) 

is at least 2. 

The present invention further provides a flame retardant resin composition comprising 
the blending of the magnesium hydroxide-based flame retardant specified above with an 
olefin resin. 
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[ Effect of the Invention ] 

One characteristic feature of the present invention is the use of naturally produced 
brucite as the raw material for the magnesium hydroxide. A characteristic of naturally 
produced brucite is that the brucite type of crystal structure is well-developed, and 
furthermore, the lattice distortion coefficient is 1 x 10*3 or less, and particularly 8 x 10"'* or 
less, which is not seen in synthetic magnesium hydroxides. 

The inventors made the following interesting discovery in the course of their research 
into the present invention. Specifically, they prepared samples of magnesium hydroxide with 
varying lattice distortion coefficients, soaked each magnesium hydroxide in carbonated water, 
and examined the relationship between the lattice distortion coefficient and the amount of 
magnesium carbonate produced, which yielded the results illustrated by the graph in Figure 1 . 
It is clear fi-om the results in Figure 1 that the amount of magnesium carbonate produced on 
the magnesium hydroxide particle surface is closely related to the lattice distortion coefficient 
of the magnesium hydroxide, and that the greater is the lattice distortion coefficient, the larger 
is the amount of magnesium carbonate production. 

The present invention is based on this knowledge, and makes use of naturally 
produced brucite, with its relatively low lattice distortion and its well-developed crystals, as a 
raw material. Incidentally, naturally produced brucite consists of coarse particles, and cannot 
be blended directly into a resin. A second characteristic feature of the present invention is 
that this brucite is wet-ground and to adjust its particle size so that the median diameter by 
Colter counter method will be 2 to 6 |im, and preferably 2 to 4 |im. 

It is known that when brucite is ground in the air, the layers of brucite are readily 
cleaved through shear stress, which results in a substance that shows up as amorphous in X- 
ray analysis as a result of separation and recrystallization of the [001] planes ("Clay 
Handbook," 2nd Ed., edited by Japan Clay Soc, published by Gihodo (1967)). Based on this 
known fact, it is predicted that even though naturally produced brucite has a developed 
crystal structure, when it is ground for the sake of particle size adjustment, this sought-after 
crystal structure is destroyed. However, when naturally produced brucite is subjected to wet 
grinding as in the present invention, it is possible to adjust the particles to the above- 
mentioned size essentially without changing the lattice distortion coefficient or degree of 
crystallization of this brucite. It is important in the present invention that the particle size be 
within the range given above. If the particle size exceeds the above range, there will be a 
pronounced tendency for the mechanical strength of the resin composition to decrease, but if 
the particle size is below the above range, there is a tendency for the melt flow characteristics 
or moldability of the resin composition to suffer, so neither of these extremes is desirable. 
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The third characteristic feature is that the ground material thus obtained is surface 
treated with an ammonium salt or amine salt of a fatty acid, and then dried. Specifically, 
there is still an active plane of magnesium hydroxide in ground brucite. When this ground 
material is surface treated with an ammonium salt or amine salt of a fatty acid, and this 
product is then dried, the salt decomposes, the ammonia or amine volatilizes, and the active 
fatty acid remains on the surface. At least part of this fatty acid reacts with the active 
magnesium hydroxide sites, and blocking of the active planes occurs. Thus, it should be clear 
that the present invention provides a magnesium hydroxide-based flame retardant whose 
reactivity with carbon dioxide is markedly suppressed. Furthermore, the fatty acid [salt of] 
magnesium or the fatty acid present on the surface of the magnesium hydroxide particles acts 
as a dispersant that covers the magnesium hydroxide particles and aids in their dispersion into 
the resin. 

In brucite-type magnesium hydroxide particles, there is little activity in the plane 
parallel to the C axis [001], and there is a large amount of activity in the plane that is 
perpendicular to this. With the magnesium hydroxide-based flame retardant of the present 
invention, it should be clear that the crystals are developed in the C axis direction and there is 
little activity thereof even when the particle diameter has been made very small. 

Figure 2 shows the X-ray diffraction patterns for the magnesium hydroxide-based 
flame retardant of the present invention. The following Table A, meanwhile, shows the X- 
ray diffraction patterns for magnesium hydroxide (brucite) by ASTM card. 
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It can be seen from a comparison of Figure 2 and Table A that the magnesium 
hydroxide-based flame retardant of the present invention has developed crystals in the [001] 
plane. This characteristic can be prescribed by the degree of orientation (Dq) of the formula 
given above (1). Whereas a conventional synthetic magnesium hydroxide-based flame 
retardant has a degree of orientation (Dq) of 1.7 or less, with the present invention the degree 
of orientation (Dq) is at least 2, and preferably 3 or higher. The advantage of this feature is 
that the flame retardant of the present invention has superior efflorescence resistance, and 
when blended into a resin, has a higher elongation retention. 

[ Preferred Embodiments of the Invention ] 

The naturally produced brucite used in the present invention has a developed brucite- 
type crystal structure, and one that has a purity of 80 to 96%, and preferably 85 to 95%, and a 
lattice distortion coefficient of 1 x 10"^ or less, and preferably 8 x 10"^ or less, is generally 
preferable. The following is a typical example of the composition thereof 
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Table B 



MgO 

Si02 
AI2O3 

} 

Fe203 
CaO 

Ignition loss 



General Range 
55.0 - 66.0% 
8.0 - 1.0 

2.0 -0.1 

4.0 - 1.0 
32.0 - 25.0 



Preferred Ranee 
59.0 - 65.0% 
7.0 - 2.0 

1.8 -0.2 

3.0 - 1.5 
30.0 - 26.0 



This brucite is quarried here in Japan at the Eyama Mine in Oeyama, Kyoto 
Prefecture, at Hishamondake in Fukuoka Prefecture, and elsewhere, and is also produced in 
large quantities by The Democratic People's Republic of Korea, the former Manchurian 
region of the People's Republic of China, and elsewhere. 

The wet grinding of naturally produced brucite is performed as follows. An aqueous 
slurry of brucite is prepared, and this slurry is put into a ball mill, a tower mill, a circular 
vibrating mill, a spiral vibrating mill, a planet grinder, a sand grinder, an atomizer, a 
pulverizer, a supermicron mill, a colloidal mill, or the like and ground. The slurry 
concentration is generally 5 to 30 wt%, with a range of 10 to 25 v/tVo being particularly 
suitable. The particle size of the ground material should be within the above range, and if 
desired, the ground slurry can be passed through a liquid cyclone and graded, and particles of 
the desired size taken out. 

An ammonium salt or amine salt of a fatty acid is added in the form of an emulsion to 
this ground slurry, and the system is agitated to perform a surface treatment. Examples of 
fatty acids include saturated or unsaturated fatty acids with a carbon number of 8 to 20, such 
as lauric acid, palmitic acid, stearic acid, oleic acid, linoleic acid, arachic acid, tridecylic acid, 
myristic acid, pentadecylic acid, heptadecylic acid, nonadecanoic acid, behenic acid, linoleic 
acid, arachidonic acid, coconut oil fatty acid, beef tallow fatty acid, soybean oil fatty acid, 
palm oil fatty acid, hardened oil fatty acid, and the like, and mixtures of fatty acids. Of these, 
oleic acid is preferable. 

It is favorable for these fatty acids to be used in the form of an ammonium salt, but an 
amine salt can also be used, in which case the amine can be a mono-, di-, or triethanolamine, 
morpholine, pyrrolidine, piperidine, or the like. This ammonium salt or amine salt should be 
used in an amount of 1.5 to 6.0 wt%, and preferably 2.0 to 5.0 wt%, as fatty acid with respect 
to the bmcite. There are no particular restrictions on the mixing and agitation of the two 
components, but they generally should be performed at a temperature between 20 and 90^C, 
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and preferably between 40 and 80*^C. After the addition and mixing, the system should be 
aged for a time under gentle agitation. 

The surface-treated slurry thus obtained is separated from the aqueous medium 
through solid-liquid separation by filtration, centrifugation, decantation, or another such 
means, and this is dried and cracked to obtain a finished product. 

The magnesium hydroxide-based flame retardant of the present invention is useful as 
a flame retardant for a variety of thermoplastic resins, and particularly olefin resins. 
Examples of olefin resins include low-, medium-, and high-density polyethylene, 
polypropylene, ethylene-propylene copolymers, ethylene-butene-1 copolymers, ethylene- 
vinyl acetate copolymers, ethylene-ethyl acrylate copolymers, and ion-cross linked olefin 
copolymers (ionomers). The magnesium hydroxide-based flame retardant of the present 
invention can be blended in an amount of 90 to 230 wt%, and preferably 100 to 200 wt%, 
with respect to the resin. 

[ Merits of the Invention ] 

With the present invention, naturally produced brucite, which has a developed crystal 
structure and a small lattice distortion coefficient, is chosen as the raw material, and this is 
wet-ground and surface-treated with an ammonium salt or amine salt of a fatty acid. As a 
result, a magnesium hydroxide-based flame retardant is provided that has superior 
efflorescence resistance and suppressed reactivity with carbon dioxide, both in terms of 
particle structure and in terms of surface activity. A molded resin containing this flame 
retardant is advantageous in that it retains a more attractive appearance over time. This flame 
retardant also has excellent dispersibility in resins, thanks to its particle structure and surface 
structure, and a molded article containing the same has high elongation at break and superior 
mechanical strength. 

[ Practical Examples ] 

[ Practical Example 1 ] 

In this practical example, natural brucite was used as the raw material to manufacture 
a magnesium hydroxide-based flame retardant with excellent efflorescence resistance, and the 
composition blended with the olefin resin will be described. 

We chose three types (A-1, B-1, and C-1) of natural brucite produced in the Korean 
peninsula; at the Lowes mine in Lancaster, Texas, United States; and in Astestos,'' Quebec, 
Canada. The composition thereof (analysis values), brucite purity, and median diameter were 
measured and are given in Table 1 below. 
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For the sake of comparison, similar measurements were made for a synthetic 
magnesiimi hydroxide (made by company A) synthesized from seawater magnesiimi, and 
these results are also given in Table 1 . 

The methods used to measure properties and those used for identification in the 
present invention are given below. 

(1) Method for Measuring by Powder X-ray Diffraction 

Measurements were made under the following conditions using an X-ray diffraction 
apparatus (Goniometer PMG-S2, Rate Meter ECP-D2) made by Rika Denki according to a 
standard powder X-ray diffraction procedure. 

Measurement Conditions: 



Target 


Cu 


Filter 


. Ni 


Detector 


SC 


Voltage 


40 kV 


Current 


20 mA 


Count scale 


8000 c/s 


Time constant 


1 sec 


Scan speed 


l/87min 


Chart speed 


2 cm/min 


Divergence slit 


(101) (202) 




1° 2^ 


Receiving slit 


0,3 mm 


Scattering slit 


1° 2° 


Glancing angle 


6° 



(2) Method for Measuring Lattice Distortion Coefficient of Index of Plane (101) 

On the basis of a diffraction graph produced under the conditions given above in (1) 
for the powder X-ray diffraction method, and following the procedure proposed by Joms et 
al. (see "X-ray Industrial Analysis Methods," Omusha Shoten (1965)), (5 (true half band 
width) was determined after using high-purity silicon (99,99% purity) to correct the index of 
plane (101) and (202) angles, and g (lattice distortion coefficient) was determined using the 
following Holl formula ( 1 ). 
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pcos 9 1 



sin9 



+ 2r| 



...0) 



X: Cu-Kai line 1.5405 A 
0: Black angle 
P: True half band width 
e: Crystallite diameter (A) 
ri: lattice distortion coefficient 

(3) Method for Measuring Degree of Orientation (Dq) 

On the basis of a diffraction graph produced under the conditions given below by the 
powder X-ray diffraction method described above, the intensity of the diffraction peak of the 
indices of plane (001) and (101) were plugged into the following degree of orientation (Dq) 
formula (2), and the degree of orientation (Dq) was determined. 

Degree of orientation (Dq) = I (001) / 1 (101) ... (2) 

I (001): Peak intensity (cps) of brucite index of plane (001) 

1(101): Peak intensity (cps) of brucite index of plane (101) 

Measurement Conditions: 



Target 


Cu 


Filter 


Ni 


Detector 


SC 


Voltage 


30 kV 


Current 


15 mA 


Count scale 


8000 c/s 


Time constant 


1 sec 


Scan speed 


2^/min 


Chart speed 


1 cm/min 


Divergence slit 




Receiving slit 


0.15 mm 


Scattering slit 




Glancing angle 


6^^ 



(4) Method for Measuring Brucite Purity (%) 

On the basis of a diffraction graph produced by measuring a sample under the 
conditions given below by the powder X-ray diffraction method described above, 
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quantification and measurement were perfomied by internal standard method using the 
diffraction peak of the plane index (101). 

As the intemal standard method, a sample was produced in advance according to a 
standard method (see "X-ray Industrial Analysis Methods," Omusha Shoten (1965)) by 
adding 10 wt% calcium fluoride (CaF2; guaranteed reagent made by Wako Pure Chemical) to 
50 wt% silica gel powder (Silton LP- 105, made by Mizusawa Chemical Industries), and 
mixing these components thoroughly and homogeneously. After this, [the brucite purity] was 
calculated from the surface area ratio of the diffraction peak of the plane index (101) in the 
case of brucite, and of the plane index (11 1) in the case of calcium fluoride, in the powder X- 
ray diffraction graph produced under the following measurement conditions, and the brucite 
content was determined as a percentage. 

Measurement Conditions: 



Target 


Cu 


Filter 


Ni 


Detector 


SC 


Voltage 


40 kV 


Current 


20 mA 


Count scale 


8000 c/s 


Time constant 


2 sec 


Scan speed 


l/47min 


Chart speed 


1 cm/min 


Divergence slit 




Receiving slit 


0.3 mm 


Scattering slit 




Glancing angle 


6° 



(5) Method for Measuring Reactivity with CO2 

20 g of sample powder was added to and uniformly dispersed in 600 mL of a CO2 gas 
saturated aqueous solution at 25°C, after which this product was allowed to stand for 3 days 
at 25 °C, and the liquid portion was then filtered off The solid portion was then dried at 
1 10°C and used as the sample for measuring reactivity with CO2. 

Reactivity was measured as follows. A sample that had been brought into contact 
with CO2 by the above method was measured under the measurement conditions and by the 
X-ray diffraction method given in (4) above, and on the basis of the resulting diffraction 
graph, quantification and measurement were performed by standard addition method using 
the diffraction peak for the plane index (101). 
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As the standard addition method, 50 wt% silica gel (the same as above, made by 
Mizusawa Chemical Industries) was added to the sample by a usual method, after which a 
standard sample of brucite was added in amounts of 5 wt% and 10 wt%, [reactivity] was 
calculated from the surface area ratio of the diffraction peak of the plane index (101), and the 
amount of magnesimn hydroxide that reacted with CO2 was determined. This value was 
termed the amount (%) of magnesium carbonate produced through reaction with CO2. The 
smaller was the numerical value, the lower the reactivity was evaluated to be. 

(6) Method for Measuring Average Particle Diameter (Median Diameter) 

1 g of sample was collected in a 200 mL beaker, 150 mL of deionized water was 
added to this, and the system was ultrasonically dispersed for 2 minutes under agitation. This 
dispersion was then measured using a Colter Counter model TA-II made by Colter Counter 
and using a 100 fim aperture tube. The average particle diameter (median diameter (^ni)) 
was determined from the cumulative distribution graph obtained here. 



Table 1 



Sample No. 


Practical Examole 


1 

! Comp. Ex. 


A-1 


R-1 


r-1 


1 

Svnthptin 


Place produced Korean peninsula Texas, U.S.A. 


i 

Quebec, Canada Company A 


Composition (wt%) 








i 

i 

i 


MgO 


61.2 


64.2 


61.0 


68.5 


Si02 


6.5 


4.3 


6.4 


i 0.0 

t 


CaO 


2.5 


1.8 


2.2 


0.61 


Fe203 


1.5 


1.2 


1.9 


1 0.09 

1 


Ig. loss 


28.5 


28.8 


28.7 


i 29.8 


Brucite purity (%) 


88.0 


90.0 


87.5 


99.5 


Median diameter ((im) 


11.3 


15.0 


7.5 


! 5.0 

) 
1 


Oil absorption (cc/g) 


31.0 


28.0 


34.0 


i 


Specific surface area (m^ 


'R) 4.3 


3.9 


4.6 


i 



150 g of the natural brucite that served as the raw material here (sample Nos. A-1 and 
B-1) and 750 g of water (20% slurry concentration) were each collected in a ceramic pot mill 
with a capacity of 7 L, and these were subjected to wet grinding in which flint balls were used 
as the grinding medium and rotated for 8 hours. After grinding, the two types (sample Nos. 
A-2 and B-2) of ground slurry were each collected in a vessel and heated to a temperature of 
approximately 80°C. A previously prepared emulsion aqueous solution of ammonium oleate 
was poured into this slurry under agitation, ammonium oleate was added in an amount 
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corresponding to 2.5 wt% with respect to the brucite solids, the system was agitated for 2 
hours while being maintained at approximately 80°C, and a surface treatment was performed 
while part of the ammonium oleate was allowed to react with the surface of the brucite 
particles. After this surface treatment, the product was filtered, washed with water, and dried 
at 1 10°C to manufacture two types of brucite- type magnesium hydroxide-based flame 
retardant that were surface treated with ammonium oleate (sample Nos. A-4 and B-4). 

Of the two types of brucite sample manufactured here, the properties given below 
were measured for two types (sample Nos. A-3 and B-3) of untreated brucite particle powder 
prepared by filtering and drying the brucite slurry prior to the brucite surface treatment with 
ammonium oleate. These results are given in Table 2 below. 

The same properties were measured for the above-mentioned synthetic product as a 
comparative example, the results of which are given in Table 2. 



Table 2 



Sample 
Number 


A-1 


B-2 


Synthetic 
(Comp. Ex.) 


Median diameter (jim) 
Crystal type 
Brucite purity (%) 
Lattice distortion coefficien 
Degree of orientation (Dq) 
Reactivity with CO2 


2 

brucite 
88 

t 4.6 X 10-4 
3.64 
43.0 


2 

brucite 
90 

3.8 X 10-4 
6.36 
53.0 


2 

brucite 
100 
2.0 xlO-3 

1.67 
97.5 



Next, using these two types of sample, each was blended with an olefin resin, and this 
product was evaluated as a resin finished product by conducting a tensile elongation retention 
test and a carbon dioxide resistance (efflorescence resistance) test, and the flame retardance 
effect was evaluated by conducting a critical oxygen index test. 

As a comparative example, the same evaluations were conducted for the above- 
mentioned synthetic product. 

Two types of resin were chosen in this practical example: EVA (Ethylene Vinyl 
Acetate; Ultracene 630) made by Tosoh, and EEA (Ethylene Ethyl Acrylate; DPDJ 6169) 
made by Nippon Unicar, both commercially available industrially. 

The blend amount with respect to the resin was 130 weight parts sample powder per 
100 weight parts resin. Using a 3.5-inch kneading roll, the components were kneaded for 10 
minutes at lOO^C, and this product was sandwiched between stainless steel plates whose 
surface was finished with Teflon, and pressed for 7 minutes at 130°C to prepare sheets for the 
various tests (a dumbbell shape (JIS K 71 13) with a thickness of 1 mm was used for the 
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elongation retention test, a sheet measuring 60 x 120 x 1 mm was used for the carbon dioxide 
resistance test, and a sheet measuring 6 x 80 x 1 mm was used for the critical oxygen index 
test. 

Tests for the various properties were conducted using the test sheets prepared above, 
the results of which are given in Table 3. 

The test measurement methods conducted to evaluate the properties of the resin 
finished products containing the flame retardants will now be discussed. 

(1) Tensile Elongation Retention Test 

A test sheet prepared by the above method was hung in a desiccator that had been 
saturated with CO2 gas at a relative humidity of 90%, and the sheet was left for 2 weeks in a 
30°G thermostatic chamber. After being exposed to the CO2 gas for these two weeks, the test 
sheet was cut into a dumbbell shape, after which this product was measured according to the 
tensile test method for plastics set forth in JIS K 71 13. The greater is the elongation 
retention, the stronger is the resistance of the sheet to pulling. 

(2) Carbon Dioxide Resistance (Efflorescence Resistance) Test 

A test sheet prepared by the above method was hung in a desiccator that had been 
saturated with CO2 gas at a relative humidity of 90%, and the sheet was left for 2 weeks in a 
30°C thermostatic chamber. The increase in the weight of the test sheet after these two weeks 
was determined and expressed as a proportional weight increase (%). The smaller was the 
proportional increase, the better the carbon dioxide resistance (efflorescence resistance) was 
evaluated to be. 

(3) Critical Oxygen Index (%) Test 

A test was conducted according to method A given in JIS K 7201 using a candle 
method combustion tester made by Toyo Seiki Seisakusho, and the critical oxygen index (%) 
was determined. The greater was this index, the better the flame retardance effect was 
evaluated to be. 

(4) Electrical Insulating Property (VR, o-cm) Test 

This test was conducted according to JIS K 1723. A resin sheet (1 mm thick) 
containing a specific amount of sample was kept for 24 hours (20°C) in a desiccator 
maintained at a relative humidity of 60%, after which a piece of tin foil was stuck with pure 
vaseline to this test sheet, the electrical resistance value of the sheet was measured by direct 
deflection method, and the volumetric resistivity q (Q cm) was determined from this 
measurement value by the following formula. 
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p = Rx A/D 
p: volumetric resistivity (Q cm) 
A: surface area (cm^) of tin foil (smaller one) 
D: thickness of sheet (cm) 



Table 3 



Sample Number 
Type of resin 
Elongation retention (%) 
Carbon dioxide resist. (°/ 
Critical oxygen index (% 
Electrical insulation (fl-c 


A 

EVA 

85.6 
i) 9.3 
0 30.0 
;m)6.5 x 1( 


-4 

EEA 
88.3 
5.6 
25.0 
)144.8x H 


B-4 S 
EVA EEA 
86.5 89.2 
9.6 6.2 
30.0 25.0 
3l66.OxlOi44.Ox 1 


Synthetic (i 

EVA 

80.7 

12.0 

33.5 
0I63.6X 1 


Zlomp. Ex.) 

EEA 

59.9 

11.6 

25.5 
Ol3l.5 X IOI6 



[Translator's note: Legibility of superscripts in last line is poor in original.] 



The above results show that the two types of brucite manufactured by the method of 
the present invention were both prepared in a suitable particle diameter, and that the lattice 
distortion coefficient was small, the crystals were well developed, the degree of orientation 
was high, and [these substances] were effective at orientation dispersion during blending into 
the resin. Furthermore, the brucite that underwent surface treatment with an oleate in this 
practical example was magnesium hydroxide whose reactivity in CO2 saturated water was 
held low and which did not readily undergo carbonation. In addition, the sheet obtained by 
blending [this substance] into a resin had suppressed reactivity with carbon dioxide, 
underwent no efflorescence, and had excellent flame retardance, all of which is readily 
apparent from a comparison with the synthetic product. 

[ Practical Example 2 ] 

This practical example deals with a magnesium hydroxide-based flame retardant that 
has been surface treated with an ammonium salt or amine salt of a fatty acid. 

The slurry of sample No. 2 prepared by the method given in Practical Example 1 was 
used as the wet-ground slurry of natural brucite, and two types of fatty acid salts were chosen 
from among commercially available extra pure reagents and subjected to surface treatment in 
the amount proportions given in Table 4 below by the same method as that discussed in 
Practical Example 1 . This product was filtered, washed with water, and dried to manufacture 
two types (sample Nos, 2-1 and 2-2) of brucite-type magnesium hydroxide-based flame 
retardant that had each been surface treated. 



16 



The surface treatment was carried out in the same manner, using sodimn oleate as the 
surface treatment agent. After filtration, the product was thoroughly washed with deionized 
water to prepare the desired product. A comparative example sample was also prepared. 

The flame retardant samples prepared here, which had been surface treated with an 
oleate and in which efflorescence of the brucite system had been prevented, were each 
blended in an amount of 130 parts with 100 parts of each of two types (EVA and EEA) of 
olefin resin, just as in Practical Example 1. The properties of these products were measured, 
the results of which are also given in Table 4. 
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It can be seen from the above results that when an ammonium salt or amine salt of a 
fatty acid is used for surface treatment, the resulting flame retardant that is blended into an 
olefin resin has lower reactivity with CO2, has superior efflorescence resistance, and has 
better electrical insulation property than with surface treatment by sodixmi oleate. 

4. [ Brief Description of the Figures ] 

Figure 1 is a graph of the relationship between the lattice distortion coefficient of the 
magnesium hydroxide-based flame retardant of the present invention and the amount (%) of 
magnesiimi carbonate produced; and 

Figure 2 shows X-ray diffraction patterns for the magnesium hydroxide of the present 
invention and for a synthetic magnesium hydroxide (comparative example). 



Figure 1 
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Lattice distortion coefficient 
A: Sample No. A-3 given in Practical Example 1 
B: Sample No. B-3 given in Practical Example 1 
D: Sample No. synthetic product (comparative example) given in Practical Example 1 



Figure 2 




A 




60 70 



N-6tC 
N-71C 



5 1 



A: Sample No. A-3 given in Practical 

B: Sample No. synthetic product (comparative 
example) given in Practical Example 1 
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